Introduction
Ageing is associated with increased use of medication. A recent Swedish study reported the mean number of drugs taken at age 79-80 years was 4.0 (men) and 4.7 (women) [1] . Nursing home residents are prescribed more drugs than older people living in their own homes [2] , and half take at least one inappropriate medication [3] . Studies have demonstrated that pharmacist input helps reduce medication use in nursing homes [4, 5] . Guidelines for achieving better use of medicines in Australian aged care facilities were launched in March 1997 [6] .
Data concerning medication use in nursing homes in Central Sydney have been collected during three surveys, at 5 year intervals. A major aim was to compare frequency of use of various medications with that in other countries and across time. Reports concerning prescriptions of psychotropic medication in these nursing homes have been published [7, 8] or are in press [9] .
Method
Approval for the study was given by the Central Sydney Health Service Ethics Committee.
Between May and December 2003, a research nurse (S.D.) gathered data from all 51 nursing homes in the catchment area of Central Sydney Area Health Service. She recorded demographic details and extracted data concerning medication prescriptions for all residents (whatever their age) in the nursing homes at the time of the survey. Australian nursing homes used standardised medication cards, with p.r.n. ('pro re nata' or 'as required') medications listed separately from medications prescribed for regular use. Staff signed their initials on the cards every time they administered a medication. S.D. checked whether medications had been given as prescribed during the previous 2 weeks, and if the prescription was p.r.n., she noted the frequency of use in the previous 4 weeks. If it was given at least once daily for 4 weeks, then it was regarded as a 'regular' prescription. During data entry, drugs were coded, based on the anatomical, therapeutic and chemical (ATC) classification system recommended by the WHO [10] . One small nursing home released only limited information, and therefore, data from that facility were not included in the tabulation of results.
In 1993, in one sector (A) of the Central Sydney Area, there were 47 nursing homes, but by 1998 only 39 were still open and in 2003 there were only 25 nursing homes in that sector. The survey in 2003 included these 25 and also the 26 in the other sectors (B and C) of the area (Figure 1 ). Many residents in nursing homes in one sector had lived in another sector or area before admission. Few of those resident in nursing homes in 2003 were resident in 1993. Nevertheless, comparisons of observations from the three surveys were considered warranted. Because of financial constraints, medication data from only the first 20 nursing homes visited in the first survey were entered for analysis; ratings of cognitive function {Mini Mental State Examination (MMSE) [11] } were available for the majority.
Although the selection of the 20 was not truly random, there was no identified evidence of selection bias. Data from 37 nursing homes surveyed in 1998 were included; two other homes declined full involvement in the survey. The classification of medications used in 1993 and 1998 was the MIMS (MediMedia Australia) system, which corresponds largely to the WHO's ATC system and is used widely in Australia by health professionals. In other respects, the methodology for collection of data on medication use was the same for the three surveys.
The SAS procedure (General Linear Models) was used to model the effects of age, sex and the number of beds in nursing homes. The F statistic was used to determine the significance of each parameter. Chi-squared tests were used to examine associations where appropriate.
Results
The numbers, gender distribution and mean age of residents included in the three surveys are summarised in Table 1 .
The mean total number of medications per resident in the various nursing homes varied, in 2003, from 4.45 to 11.37 (mean 6.84, SD 3.73 and confidence limits 6.78-7.05), and was more than 7.0 in half the nursing homes. The median number per resident was 5. When it was found (very uncommonly) that a drug had been prescribed to be given regularly but had not been given at all during the 4 weeks, it was excluded from the subject's list of prescribed medications. The mean number of medications given regularly (i.e. not including p.r.n., but including those where some doses had been refused or omitted) varied from 3.34 to 7.52 (mean 5.42). There was no significant correlation between nursing home size and mean numbers of medications per resident. Table 2 summarises the percentages of residents in 2003 (n = 3,054) who were prescribed medication (p.r.n. and/or regular), classified according to the ATC system. Medications in selected sub-classes are shown. For example, class A in the system (alimentary tract and metabolism) has 16 sub-classes, nine of them consisting of medications relating to functions or disorders of the alimentary tract. Drugs used in diabetes comprise sub-class A10, vitamins are in sub-class A11 and mineral supplements in A12. The latter is further sub-classified into calcium salts, potassium salts and other mineral supplements. Class B (blood and blood-forming organs) includes antithrombotic agents, antihaemorrhagics and anti-anaemic preparations.
Similar details were obtained in the previous two surveys, and some of these are summarised below to demonstrate differences and similarities between the three sets of data. In 1993, we observed (by reading nursing and other notes) that laxatives and certain analgesics were quite commonly administered (nurse-initiated) to residents without their being written up on medication sheets, whereas in 1998 and 2003, any administration of medication was required to be recorded on charts with medication orders signed by a doctor.
In 1998, p.r.n. medication was prescribed for 1410 (72%) of the residents. In 2003, at least one medication was prescribed p.r.n. for 2,064 residents (67.6%), and only 958 were prescribed medication to be taken regularly without any p.r.n. Of 20,891 prescriptions on the medication cards of 3,054 residents, 20.8% were p.r.n. Sixty-five percent of prescriptions for analgesics, 46.8% of prescriptions for respiratory conditions (most commonly obstructive airways disease) and 46.2% of prescriptions for laxatives were p.r.n. (Table 2 ). Almost 40% of medications prescribed for skin conditions were for p.r.n. use, and 20% of topical and antiinflammatory products prescribed for joint and muscular pain were p.r.n. Over 95% of prescriptions for most other types of medication were for regular rather than p.r.n. use. Details of interest in relation to medications prescribed in nursing homes are highlighted below. Development of new drugs and differences between the classification systems used in 1993/8 (MIMS) and 2003 (ATC) mean that comparisons should be interpreted with caution.
Alimentary system medication
In 1998, 62% of the residents and, in 2003, 59.6% were prescribed laxatives. The likelihood of being prescribed laxatives was shown to vary significantly between nursing homes, but age was still significant (F = 1.33, P<0.05) even after controlling for individual nursing home and number of beds.
The percentages of residents prescribed anti-ulcer drugs were similar in 1998 and 2003. In 2003, 25.3% of males and 18.4% of females were taking proton pump inhibitors regularly (chi-square 18.7, P<0.001), while 11.2% of the males and 11.9% of female residents were prescribed H 2 receptor antagonists.
Cardiovascular medications
All surveys showed that cardiovascular medications were prescribed significantly more often for females than males. However, after controlling for age (and the fact that the older the resident the greater the likelihood of having cardiac problems), this gender difference was not significant. The percentage of residents taking diuretics progressively declined over the 10 years, from 33.6 to 25.4%. In 2003, 82% of prescriptions for diuretics (not including those in combined formulations) were for high-ceiling diuretics such as frusemide. The range of non-diuretic agents for treating hypertension differed between the survey periods, which may help explain the increase from about 24% of males and 31% of females taking them in 1998 to 33% males and 36% females in 2003. Approximately 19.7% of residents were taking ACE inhibitors in 2003.
In 1993, a higher percentage of residents who had little or no cognitive impairment (n = 107) than of those who scored in the cognitively impaired range (n = 823) on the MMSE were prescribed cardiovascular medication (72 versus 60%; chi-square = 6.03, P<0.05).
Endocrine medications
At each survey, one quarter of antidiabetic drug prescriptions were for insulin. Thyroid or antithyroid medications were given to 4% of residents in 1993, 6.4% in 1998 (2.4% of males and 8.3% of the females) and 7.3% in 2003. Approximately 6.6% of residents were given thyroid hormones in 2003, with a significant difference between males (2.4%) and females (8.7%). Gender remained significant even after controlling for age and size of nursing home (F = 51.73, P<0.0001).
The percentage of people for whom calcium (some with vitamin D) was prescribed increased from 3% in 1998 to 10.5% in 2003, with a significant gender difference both times (7.6% males, 11.9% females in 2003). Platelet aggregation inhibitors (among them low-dose Aspirin) were given regularly to 29.6% of residents in 2003.
Analgesics
The prescription rate for analgesics (excluding low-dose Aspirin and non-steroidal anti-inflammatory drugs such as indomethacin and celecoxib) remained high over the 10 years. In 2003, regular morphine, codeine or other opioids were prescribed for 3.7% of the residents. Salicylates were prescribed for 3.7% on a regular basis and almost none p.r.n., but anilides (most commonly paracetamol) were prescribed regularly for 15% and p.r.n. for 27%.
Anticonvulsants
In 1998, 22% of male and 14.3% of female residents took anticonvulsants. In 2003, the corresponding figures were 17.4 and 10.4%, the gender difference being age associated (F = 5.06, P<0.0001).
Psychotropic medication
Prescription rates of psychotropic medications in 1993, 1998 and 2003 have been compared elsewhere [9] . Hypnotic, anxiolytic and neuroleptic drugs were used less in 2003 than 5 and 10 years previously in Sydney nursing homes, regular dosages being prescribed for only 11.3, 4.1 and 23.6%, respectively. Antidepressants were prescribed more, with 11.4% taking selective serotonin reuptake inhibitors, 4.2% venlafaxine or mirtazapine and 4.9% another antidepressant. The ratio of atypical to conventional neuroleptic use changed from 1:8 in 1998 to 2:1 in 2003.
Ocular medication
Most of the medications prescribed for sensory organ conditions were for eye conditions, given regularly. Half were to treat glaucoma, the prescription rate for women being significantly greater than that for men (10.9 versus 8.2%; chisquare 4.99, P<0.05).
Discussion
The latest survey provides a cross-sectional view of the recent pattern of use of medication in nursing homes in Central Sydney, allowing comparison with data from other countries and demonstrating change in certain aspects. With development of new drugs and with new findings concerning optimal treatments, it is unsurprising that the pattern has changed.
The increase between the first two surveys in the number of prescribed medications is partly attributable to under-recording of nurse-initiated medication in 1993. The increase between 1998 and 2003 may partly be explained by the increased mean age (Table 1 ) and associated change in disability level of the resident population, but may also be partly attributable to increased use of multiple medications when treating cardiovascular illnesses and some other conditions. Recent reductions in prescription of psychotropic medication have been balanced by increases in use of certain other medications, including drugs for osteoporosis and thyroid disorders.
Comparisons must be interpreted with caution. Nursing homes closed and even in those where the survey was repeated the resident populations and staff changed over time. Half the nursing homes included in the 2003 survey had not been included previously. Despite this, comparisons (many not shown here) between results of the three surveys showed similarities that confirm the validity of the 2003 findings. Comparable findings from another Australian study in 1994 concerning the mean number of drugs taken by residents, and the percentages of various medications that were prescribed p.r.n., were reassuring [12] . Differences between these data and those reported from other countries will thus be of interest, especially when speculating on reasons for changes in frequency of use.
Prescription rates vary between countries and are affected by various factors. For example, in Bergen (Norway), the median number of drugs per resident was 4 [13] , and in London, the mean number of regular medications was 5.1 [14] . Physicians in the United States were reported as prescribing an average of 7.2 drugs per resident [15] . Over 40% of prescriptions in the US nursing homes were for p.r.n. medication [16] , whereas in the latest Sydney survey, 21% of nursing home prescriptions were p.r.n. The key determinant for whether residents are prescribed p.r.n. medication has been reported as the specific nursing home in which the resident lives [17] . Advice from pharmacists to nursing home staff and doctors has been shown to lead to reductions in medication use [5, 18] . Such advice was increasingly available in Sydney between 1993 and 2003, but data to explore this association were not obtained in this study.
'Mentally intact' residents have been shown to consume more drugs than those with cognitive impairment [13] . Residents with a diagnosis of dementia have been reported as less likely to receive cardiovascular medications [19] , a finding replicated in our 1993 survey. They are also less likely to be given analgesic medication [20] .
Several confounders should be considered when comparing patterns of use across time and in different nursing homes and different jurisdictions. Significant gender differences in medication use have been identified in the present study, but these need to be considered in relation to differences in the mean ages of male and female residents. To a large extent, age explains the higher use of cardiovascular medications in females. The 3.5-fold higher percentage use of thyroid medication among females shown in successive surveys was not an age effect and presumably is because females are more likely to have thyroid disorders.
Differences between countries may be attributable to varying admission policies, nursing home standards, involvement of specialists, availability of pharmacy advice, cost of drugs, quality improvement strategies, education of staff and various other factors. Noting differences with regard to patterns of use of different drugs and classes of medication and administrative practices will help provoke ideas on whether and how to seek change. Although the latest survey in Central Sydney did not show a drop in the mean number of drugs prescribed per resident, the involvement of pharmacists in reviewing medication use and improved education of staff may have contributed to changes in the way psychotropic medications and antihypertensive medications are prescribed in nursing homes.
Limitations of this study include that the nursing homes were all in a central part of a big city and that in 1998 and 2003 the residents themselves were not examined by research staff. Strengths include that the latest survey allows comparison with findings from two earlier surveys and that all nursing homes in the area were willing to provide access to medication cards and files.
Key points
• Audits of medication use in nursing homes reveal increasing prescription rates.
• Prescription rates vary considerably between nursing homes.
• Increased use may be attributable to increased use of multiple medications when treating cardiovascular disorders, as well as the increasing mean age and medical morbidity of residents.
• The classes of medication administered most commonly to Sydney nursing home residents in 2003 were laxatives, antithrombotic agents, analgesics and drugs for acidrelated disorders.
